Thyroid hormone influences brain maturation through interaction with nuclear receptors and regulation of gene expression. Their role on astrocyte maturation remains unclear. We have analyzed the role of thyroid hormone in rat cerebellar astrocyte maturation by comparing the sequential patterns of intermediate filament expression in normal and hypothyroid animals. During normal development astroglial cells sequentially express nestin, vimentin, and glial fibrillary acidic protein. Differentiated astrocytes appeared in the superior medullary vellum by postnatal day 2 and reached the white mater and internal granular layer by postnatal day 4. Intermediate filament marker expression was transiently lost from postnatal days 6 to 8 in anterior lobes, without an increased apoptosis. Vimentin expression was replaced by glial fibrillary acidic protein between postnatal days 10 and 32. The differentiated astrocytes were evenly distributed throughout the cerebellar slices, including the internal granular layer. Differences between normal and hypothyroid rats were observed starting from postnatal day 4, with lack of differentiated astrocytes in the internal granular layer. The transient decrease of astrocyte markers immunoreactivity in the anterior lobe did not take place in hypothyroid rats. The vimentin-glial fibrillary acidic protein transition was delayed and most differentiated astrocytes remained confined to the white matter. The results indicate that thyroid hormone deficiency induces a delay and a partial arrest of astrocyte differentiation. Astrocytes express thyroid hormone receptor a and b subtypes suggesting that astrocytes are direct target cells of thyroid hormones.
Introduction
Normal brain development depends upon an adequate supply of thyroid hormones. Thyroid hormones have multiple actions on the developing brain, including effects on cell migration and differentiation (Bernal, 2002 (Bernal, , 2005 . For example some neurons in the neocortex do not reach their normal positions in the absence of thyroid hormone (LavadoAutric et al., 2003) . Also, hypothyroidism delays migration of cerebellar granule cells from the external germinal layer to the internal granular layer (igl). The effects of thyroid hormone on cell differentiation are of great importance during myelination. Proper oligodendrocyte differentiation requires thyroid hormone in addition to other factors, and in hypothyroidism there are delays in myelination which result in a permanent lower number of myelinated axons (Berbel et al., 1994; Schoonover et al., 2004) . Specific populations of neurons are very sensitive to the lack of thyroid hormone with strong deficits of maturation. For example, the Purkinje cells of the cerebellum, in which the lack of thyroid hormone results in arrested maturation with underdeveloped dendritic tree (Legrand, 1984) . Not only neurons and oligodendrocytes are sensitive to thyroid hormones, but also astroglia and microglia are altered when hypothyroidism is induced early in development (Lima et al., 1998 (Lima et al., , 2001 .
The specific effects of thyroid hormone on astrocyte maturation in vivo are not well known. Early hypo-or hyperthyroidism affect the astroglial cell population of the cerebellum (Clos et al., 1980) , thyroid hormones influence the expression of astroglial genes (Farwell and Dubord-Tomasetti, 1999; Alvarez-Dolado et al., 2000) , and in cultured astrocytes thyroxine influences actin polymerization and integrin-laminin interactions (Farwell et al., 1990 (Farwell et al., , 1995a . The active thyroid hormone, T3 acts through nuclear receptors regulating gene expression. However, the role of T3 receptors as mediators of thyroid hormone actions in astrocytes is unclear because Abbreviations: GFAP, glial fibrillary acidic protein; igl, internal granular layer; TR, thyroid hormone receptor
